A second example of insertion of a water molecule into the helical backbone of an apolar peptide is presented here and compared to a similar occurrence in a longer peptide with the same type of sequence of residues, i.e., Boc-Aib-(Ala-Leu-fib),-OMe. The backbone of the title compound assumes an approximate 3,,-helical form with three 4 + 1 hydrogen bonds. In
INTRODUCTION
In the continuing study of the mode of aggregation of helices containing only apolar peptides,'P2 a curious and unexpected result was obtained for the structure of the decapeptide Boc-Aib-(Ala-Leu-Aib),-OMe3. A molecule of water is inserted into the helical backbone. The backbone is distorted sufficiently to allow the water molecule to form hydrogen bonds to the carbonyl oxygen of Ala (2) and the amide of Ala (5) . The distortion of the helix has exposed carbonyl oxygens of Aib (1) and Aib (4) to the outside environment, with the consequence that the helix assumes an amphiphilic character despite having all apolar residues. The solvation of the helix in the above decapeptide is not unique. A shorter peptide with the same type of sequence and residues, Boc-(Ma-Leu-Aib),-OMe, also has a water insertion between the carbonyl oxygen of Ala(1) and the amide of Ala(4) in a manner very similar to that in the decapeptide. The hexapeptide, however, does not form a polar channel in the crystal such as the channel formed by the decapeptide.,
Another example of the solvation of backbone atoms in a helix has been shown in the chicken skeletal muscle troponin C. 4 Troponin C adopts a dumbbell-shaped structure with a long central helix that is stabilized by electrostatic interactions and salt bridges between charged side chains spaced at 3 or 4 residues along the helix. In the B-helix on the surface of one of the globular domains, two water molecules interrupt hydrogen bonds of the a-helix and form hydrogen bonds to carbonyl oxygens and NH moieties of the backbone in residues 39,40,43, and 44. The manner in which the helix is solvated is similar to that found in the apolar peptide despite sequences with quite different properties. In the peptide the hydrophobic sequence Ala-LeuAib-Ala is involved, whereas in the protein, the hydrophilic sequence Thr-LysGly-Leu-Gly-Thr is involved.
EXPERIMENTAL
Boc-Ala-Leu-Aib-Ala-Leu-Aib-OMe was synthesized by conventional solution phase procedures. Crystals with quite different external forms were grown from the anhydrous solvent mixture ethyl acetate/petroleum ether and from the polar solvent mixture methanol/water. Nevertheless, each crystal form yielded the same cell parameters and the same structure. The parameters reported in this paper are the result of the least-squares refinement of the x-ray data measured from the crystal grown from the nonpolar solvent mixture. The needle-shaped crystal, 0.70 mm long and 0.13 X 0.18 mm in cross section, was mounted dry, i.e., not in a capillary with mother liquor. X-ray diffraction data were collected on an automated diffractometer using CuKa radiation and a graphite monochromator (A = 1.54178 A). The structure was solved using the random tangent option based on the tangent formula5 in the SHELX84 package of programs (Micro VAX version of SHELXTL system of programs; Nicolet Analytical Instruments, Madison, WI). Forty atoms were chosen from the initial E-map for input into the partial structure procedure,6 which yielded all the nonhydrogen atoms. The six amide H atoms and one H atom of the water molecule were located in difference maps after some preliminary least-squares refinement. The location of the second H atom of the water molecule has not been established.
Least-squares refinement of the coordinates of C, N, and 0 atoms with anisotropic thermal parameters, and of the six amide H atoms and one water H atom with isotropic thermal parameters, resulted in an R factor equal to 6.3% for 2707 reflections measured 2 348'). The 52 H atoms bonded to C atoms were placed in idealized positions and were allowed to ride with the C atoms to which they were bonded during the final cycles of least-squares refinement. The coordinates of these H atoms were not refined independently as were those of the six amide H atoms.
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TABLE 111
Bond Angles" (deg) "ESDs for backbone atoms -0.4"-0.5".
bObC'(0)N( 1). 'Ca(6)C(6)O(OMe). dObC(0)O(O)
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RESULTS

Conformation of Molecule
A diagram of the molecule, drawn by computer using the experimentally determined coordinates, is shown in Fig. 1. A distorted 3 Table V ). The fourth 4 -+ 1 hydrogen bond that should be formed between N(4) and O(1) for a more perfect helix cannot exist since a water molecule W(1) has been inserted between N(4) and O(1). As a result, the N(4) . . . O(1) distance has been enlarged to 4.92 A, hydrogen bonds N(4) . . . W(1) and W(l) . . . 0(1) have been formed (see Table V) , and the helix O(6) by 1 -x , -1/2 + y, 1/2 -2. bSymmetry equivalent atom obtained from O(4) by -1/2 + x , 5/2 -y, -2.
mined by crystal structure analyses are superimposed in Fig. 2 , where the molecules have been oriented with respect to each other by a least-squares fit of the four residues in the vicinity of the water molecule, i.e., the Ala-Leu-Aib- The bulky leucyl side chains of Boc-(Ala-Leu-Aib),-OMe are on the left side of the molecule, as drawn in Fig. 2 , while the water molecule with the attendant hydrogen bonds to C=O and NH moieties of the backbone is on the right side. Thus, amphiphilic character is imparted to the hexapeptide helix in a manner similar to the decapeptide helix.3 However, the aggregation of the molecules in the crystal is quite different in each case. Head-to-tail hydrogen bonding of helices with the formation of infinite helical columns, as has been found in apolar peptides with 10-16 residues,'-3 does not occur in the hexapeptide (Fig. 3) . In this crystal, lateral hydrogen bonds are formed between molecules related by a twofold screw symmetry. Furthermore, the packing of the hexapeptide molecules around the water molecule, (Fig. 4) does not create polar channels such as occur in the crystal of the decapeptide containing the same sequence repetition^.^
DISCUSSION
The insertion of a water molecule into a helical backbone of an apolar peptide has been demonstrated for two peptide molecules, one a hexapeptide and another a decapeptide, with repetitions of the same sequence. The sequence Ala-Leu-Aib-Ala captures a water molecule by hydrogen bonding with the C=O of the first Ala residue and the NH of the second Ala residue.
However, the presence of the sequence Ala-Leu-Aib-Ala is not sufficient to guarantee an attraction of a water molecule, since the second such sequence in Boc-Aib-(Ala-Leu-Aib),-OMe forms an almost ideal a-helix without any invasion by water molecules. Other apolar sequences, such as Boc-AibVal-Ala-Leu-Aib-Val-Ala-Leu-Aib-OMe'O and Boc-Aib-Val-Aib-Aib-Val-ValVal-Aib-Val-Aib-OMe," as well as Boc-Trp-Ile-Ala-Aib-Ile-Val-Aib-Leu-AibPro-OMe' form helices with predominantly a-type hydrogen bonds, although some 3,,-type hydrogen bonds may be present at either terminus. If water is cocrystallized in crystals of these latter peptides, it is found only in the head-to-tail hydrogen-bonding region and not in the body of the helix.
The solvation of the helix is not obviously related to the nature of the solvent. structures of crystals of the present peptide are identical whether the crystals were grown from the polar mixture methanol/water or the nonpolar mixture ethyl acetate/petroleum ether.
